ABSTRACT: An abstract treatment of Bell inequalities is proposed, in which the parameters characterizing Bell's observable can be times rather than directions. The violation of a Bell inequality might then be taken to mean that a property of a system can be changed by the timing of a distant measurement, which could take place in the future.
Introduction
By "remote past" I mean "the past, many miles away"; or just "long ago." Either way, the possibility of altering it is also remote, but worth considering nonetheless.
The scheme proposed here is abstract, commitment to particular semantics being deliberately avoided. Realization could be attempted with pairs of suitably correlated squids, kaons, or 0 -particles B for instance.
1
The observable-sometimes known as Bell's observable-used to violate Bell's inequality (Bell 1987 ) is a function of four quantities, two for one side, two for the other. These are usually angles or directions, but could also be times or quantities concerning the Hamiltonians. Provided realism is granted, a violation of Bell's inequality indicates the violation of an appropriate parameter independence; if the quantities are physical directions, a value possessed by a system can be modified by the physical rotation of a distant apparatus. If the parameters are times, one could conclude that the value possessed by a system at time t depends on whether a measurement on a distant system is made at t ′ or at .
t ′′
Bell's inequality
Suppose an appropriate source produces many pairs ( )
is assumed to possess the dichotomous property , ( ) 1 s m n k σ = ± characterized by the parameters m and n ( 1,2). s = So for a given 1, 2 s ∈{ } and 1, , ,
is a function of the two arguments m and . n Let us define 1  2  1  2  1  2  1  2  ,  ,  , 
and hence halve the bound on the modulus of ( ), B k from 4 to 2. The modulus of the
can therefore not exceed 2, which is a Bell inequality. We can also write 2 ( , )
where the correlation function ( , ) P m n is equal to 
Letting α vanish, we can write
For any pair , α α ′ of angles there is a unitary operator
where α ∆ is the difference α α ′ − and the |±〉 are orthonormal. If the |±〉 happen to be the eigenvectors of a maximal time-independent Hamiltonian , H E E
angles will correspond to times; then for any pair , α α ′ of angles there will be a time- 
where , u u′ are also times.
〈 | | 〉 reaches its maximum of 2 2; 0 t is an arbitrary initial time.
If we now assume that the pairs ( ) ( 1) ( ).
At first sight this seems impossible, given the meanings we have attached to the symbols involved. And perhaps it is, in which case either quantum mechanics is wrong, or expressions like B and B make no sense in the first place. But here we are assuming that quantum mechanics is right, and that expressions like , B B do make sense, and exploring the implications. So we must wonder how it is that
= − when the (first) subscript of the neighbouring factor is u whereas 1 0 ( ) 1 t k σ ′ = + when the subscript of the neighbouring factor is . u ′ Surely it makes no sense to say that
The dependence must have more substance to it than that, it must be more than an abstract 'notational' association. The apparatus may do no more than faithfully reveal a value that was there anyway, but surely the mere consideration of 2 0 ( ) u k σ ′ rather than 2 0 ( ), u k σ the fact that we express more of an interest in the former than in the latter, cannot change the value of ( ), u k σ corresponds to a physical circumstance; the effect must be somehow due to that circumstance. Where the parameter is a direction representing the orientation of an apparatus, the circumstance is a rotation, and that's surprising enough. But now that the parameter is a time, the very same quantity is measured at times u and . g with values 1 g = and 0 , g g = would concern the Hamiltonians; it might represent the intensity of an appropriate field, for instance. Changing the field on one side could, if parameter independence turned out to be violated, alter the value 1 ± on the other. It is surprising that physical causes as different as rotating an apparatus, waiting, changing a field can have exactly the same kind of effect. Admittedly they are all described by the same formalism; but since that formalism is about all they have in common, one might even suspect that the dependence is merely 'formal' or 'notational' rather than physical after all. But how can that be.
We have something of a dilemma, concerning the role of measurement. Since
appears to depend on the second index , n which refers to the other object of the pair. It identifies a particular property of the other object, namely the 'time-n property.' We have assumed that measurement does no more than faithfully reveal the property that was there anyway, and in no sense creates the property. But how can the time of a measurement affect a distant outcome? Where the parameter n represents an angle, the effect would generally be attributed to the physical rotation of the measuring apparatus on the other side. But here, with times rather than angles, there seems to be no physical change worth speaking of; the experimenter just waits, and does exactly the same thing sooner rather than later. Besides, what if
Quite apart from any change due to the choice of t ′ or , t ′′ does the first object have any value before the measurement on the other side is made? If the value 1 , 0 ( ) t n k σ ′ of the first object at time t ′ does indeed depend on the time n at which measurement is performed on the other object, what value should 1 , 0 ( ) t n k σ ′ be given before that second measurement? What if no measurement is made on the second object? Does the first object have any value in that case?
It is far from clear how how waiting can change a value possessed by an object that could be spatially and temporally remote. But let us assume it can, and consider the implications. To begin with, the properties , ( ) 1 s m n k σ = ± could be linked to larger circumstances to amplify the effects in question: By making a given measurement today at five o'clock in Utrecht, two trains passed each other without incident in Tokyo at noon on the first of January 2000. By waiting an hour and making the same measurement today at six, instead, the same trains collided at noon 1/1/2000.
